IS FIRE A DISTURBANCE IN GRASSLANDS?
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Abstract. Many grasslands, and in particular the tallgrass prairies of North
America, are generally thought to be maintained by periodic fire. Semantic
disagreement among researchers, however, threatens to hamper discussion
of fire as an ecological force in grassland ecosystems. Some authors em-
phasize that fires are disturbances (or perturbations) since these fires disrupt
or alter ecosystem states, trends, and dynamics (e.g., accumulating nitro-
gen is volatilized, plant and animal communities change in composition).
Other researchers point out that, because these fire-induced disruptions
and alterations can maintain the status quo of the ecosystem (e.g., prevent
it from becoming woodland), it is the lack of fire rather than fire itself
that should be considered a disturbance. We argue that, since both points
of view are useful, there is little to be gained by labeling loosely either
fire or the lack thereof as a ‘‘disturbance’’ in grassland ecosystems.
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INTRODUCTION

Recurrent fire is widely regarded as an important, natural phe-
nomenon of many ecosystems (Mooney er al. 1981, Wright and
Bailey 1982), including many of the world’s grasslands (Vogl
1974, Kucera 1981, Anderson 1982, Axelrod 1985). Towne and
Owensby (1984), for example, succinctly state the general senti-
ment that tallgrass prairie of North America is ‘‘fire-derived and
fire-maintained.’’ But a semantic problem is surfacing in the grass-
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FIG. 1. Graphical illustration of the effect of fire upon systein
(ecosystem or community) parameters (e.g., biomass of woody
tissue). The approximate bounds between a grassland and forest
System are shown by the hatched line. The original state of the
System is at position A, within the bounds of the grassland. Without
fire, through time the system tends towards forest. A fire at B
disrupts the system, but it remains as grassland; this could be
repeated indefinitely. Without fire the system moves towards C,
becoming forest. At C, a fire (of intensity as at B) moves the
System back to grassland. In the continued absence of fire, the
System reaches D, where after a fire of similar intensity the system
remains a forest.

land literature that threatens to hamper understanding of how fire
functions in ecosystems.

At issue is whether fires in grasslands (and other ecosystems)
should or should not be considered (natural) disturbances/pertur-
bations. Authors disagree more in semantics than in ecological
substance. In fact, their disparate studies of nitrogen dynamics,
plant succession, and grasshopper assemblages are linked concep-
tually by two common themes regarding grassland fires. Focus on
one theme leads some researchers to label grassland fires as dis-
turbances (Evans 1984, Collins and Barber 1985, Pickett and White
1985, and Collins 1987), while focus on the second theme leads
other researchers to the opposite position, namely that it is the
lack of fire that is the disturbance (Hulbert 1969, Lamotte 1983,
van Andel and van den Bergh 1987).

The two themes can be stated simply. On the one hand, grassland
fires disrupt or alter ecosystem states, trends, and dynamics. Ac-
cumulating nitrogen is volatilized (Seastedt 1988), expanding woody
plant populations are reduced (Knapp 1986, Abrams and Hulbert
1987, Gibson and Hulbert 1987), animal communities change in
composition (Kaufman et al. 1983, Evans 1984, Seastedt 1984a
and 1984b, James 1988). These kinds of changes lead some re-
searchers to label grassland fires as disturbances. On the other
hand, these fire-induced disruptions and alterations can maintain
the status quo of the ecosystem by preventing it from drifting
beyond the loose bounds within which ecologists consider the
ecosystem a grassland and outside of which it is recognized as a
different system (Figure 1). The long-term result of the absence
of fire in the North American tallgrass prairie region, for example,
is the transformation of grassland to deciduous forest (Bragg and
Hulbert 1976). It is this type of shift that leads some ecologists
to view the absence rather than the occurrence of fire as a dis-
turbance (White 1987).

Semantic difficulties arise in part from somewhat separate in-
tellectual traditions. Ecosystem ecologists have used the terms
disturbance and perturbation in comparing systems with differing
degrees of what is now widely termed neighborhood stability. The
system response to perturbation (used as a more neutral term than
disturbance) has been described in terms of resistance and resili-
ence (Webster et al. 1975, Swank and Waide 1980). This approach
formally recognizes differences between the specific forcing func-
tion (the perturbation) and the system response. Lewis (1969)
discussed state or controlling factors vs. dependent factors in eco-
systems. As long as forcing variables such as climate do not deviate
beyond a range of values, the system exhibiting neighborhood
stability remains about the same. For example, Godron and Forman
(1983) state that disturbance is ‘‘something that causes a com-
munity or ecosystem characteristic, such as species diversity, nu-
trient output, biomass, vertical or horizontal structure to exceed
or drop below its common (homeostatic) range of variation.”” In
this framework, the lack of fire can be usefully viewed as a dis-
turbance to the grassland system. The tallgrass prairie without fire,
for example, lacks both resistance (it takes no change in climate
to change the system) and resilience (it does not return to its present
state without fire). Ultimately, however, one’s perception of sta-
bility and/or disturbance depends upon properties of the system as
well as the forcing function, as illustrated for grasslands and fire
in Figure 2.
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FIG. 2. The influence of fire depends upon the intrinsic properties
of the system, as well as other external inputs. In (A) an arid
grassland (e.g., shortgrass prairie) remains a grassland regardless
of the presence or absence of fire. In (B) a grassland (e.g., mixed
grass prairie in some cases) may be invaded by woody species if
a seed source is available. The same climatic variables may support
either system (a case of multiple stable points), but fire will drive
the system to a grassland. In (C) a humid grassland (e.g., tallgrass
prairie), with moist climate and woody seed sources present, is
converted to forest unless fire intervenes.

Population and community ecologists have emphasized disturb-
ance as a useful concept (Pickett and White 1985) in analyzing
how interacting organisms respond to change in the resource bases
of ecosystems. Fire is viewed as a naturally-occurring, interactive
component of the complex of processes that characterize both
grasslands (Loucks et al. 1985, Collins 1987, Evans 1988a and
1988b) and communities in general (Sousa 1984, Pickett and White
1985).

These schools of thought have encountered difficulty addressing
the diversity of organism and system responses and the attendant
problems of scale in deriving a robust operational definition of
disturbance/perturbation. Allen and Wyleto (1983) demonstrate,
for example, how analyses of different aspects of a single data
base can lead to opposing conclusions regarding how fire affects
an ecosystem. Both Allen and Starr (1982) and O’Neill et al.
(1986) emphasize that whether or not fire will be considered a
disturbance depends not only on one’s definition of disturbance

but also on the spatial and temporal scales on which one chooses
to focus. These difficulties compound those of joining the frames
of reference of diverse ecological perspectives to derive a single,
all-encompassing definition of disturbance and perturbation.

Misunderstanding surrounding use of the terms disturbance and
perturbation arises because many individuals carry with them some
firmly held *‘psychological baggage.”” The root of the problem
probably lies in a cultural and philosophical predisposition to attach
negative connotations to the term disturbance. In a scientific tra-
dition that has generally embraced a gradualist view of change in
the earth’s geological and biological processes (e.g., continuous
evolution vs. punctuated equilibria), a disturbance is something
outside of the proper train of events. We speak of some individuals
as ‘‘mentally disturbed;’’ riots are referred to as ‘‘disturbances.”
Thus, to label an integral (*‘natural’’) aspect of an ecosystem, such
as fire in grasslands, a “‘disturbance’’ may be disquieting, since
a disturbance should be something ‘‘unnatural.’” From this view-
point, labeling a fire as a ‘‘natural disturbance’’ only confuses the
issue, as the phrase seemingly is a contradiction in terms, Certainly
most would reject the idea that their thoughts were so subjective,
but can anyone be sure that years of conditioning do not color
one’s thought (Mayr 1982)? Perhaps ecologists of a culture with
a more revolutionary or cyclical world-view might not have neg-
ative associations with labels used for recurrent catastrophes. How-
ever, recent developments in evolution and ecology such as the
theory of punctuated equilibria (Eldredge 1985), chaos theory (May
and Seger 1986), and increased interest in analysis of non-equi-
librium situations (Houston 1979), are evidence that ways of thought
are changing.

Given these various considerations, it is not surprising that a
useful definition of ecological disturbance rising above semantic
difficulties has proved elusive (White 1979, Bazzaz 1983, Godron
and Forman 1983, Sousa 1984, Pickett and White 1985, Rykiel
1985, van Andel and van den Bergh 1987). Neither is it surprising
that there is lack of agreement regarding inclusion/exclusion of
grassland fires in particular as disturbances. Good semantic ar-
guments can be made either for or against grassland fire as a natural
disturbance. It would be most useful if the debate were simply
dropped and investigators focused on the impacts of fire, resisting
the temptation to label either grassland fire or its continued absence
as a disturbance. A potentially less inflammatory (but also much
less inspired) substitute for ‘‘disturbance’” in highlighting the ef-
fects of fire on grassland ecosystems might simply be *‘disrupting
influence.”” In any case, our studies of a tallgrass prairie ecosystem
illustrate the diversity of biotic responses to fire and support the
position that facile use of the terms ‘‘disturbance” and ‘‘pertur-
bation’’ should be avoided. These words need to be defined and
used carefully in any discussion of grassland fires.
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